Versican belongs to the family of the large aggregating chondroitin sulfate proteoglycans located primarily within the extracellular matrix (ECM). Versican, like other members of its family, has unique N-and C-terminal globular regions, each with multiple motifs. A large glycosaminoglycan-binding region lies between them. This review will begin by outlining these structures, in the context of ECM proteoglycans. The diverse binding partners afforded to versican by virtue of its modular design will then be examined. These include ECM components, such as hyaluronan, type I collagen, tenascin-R, fibulin-1, and -2, fibrillin-1, fibronectin, P-and L-selectins, and chemokines. Versican also binds to the cell surface proteins CD44, integrin β1, epidermal growth factor receptor, and P-selectin glycoprotein ligand-1. These multiple interactors play important roles in cell behaviour, and the roles of versican in modulating such processes are discussed.
INTRODUCTION
The extracellular matrix (ECM) is a highly-ordered supramacromolecular structure with many physiological and pathophysiological roles. The cells which produce matrix molecules are crucial in determining matrix function and metabolism. Conversely, and significantly, matrix components also have the ability to alter cell functions. The biochemical properties of a tissue are thus intimately related to the architecture of its matrix. The ECM comprises a variety of versatile collagen superfamily molecules and non-collagenous matrix molecules, including hyaluronan, proteoglycans, and glycoproteins, that are secreted locally and assemble into an organized meshwork. Proteoglycans are composed of core proteins covalently linked to long glycosaminoglycan (GAG) chains. Chondroitin sulfate proteoglycans and heparan sulfate proteoglycans are two large groups of proteoglycans. One density of a population of proteoglycans can be expressed only as an average; individual proteoglycans can be significantly different.
The common GAGs are heparin, heparan sulfate, and chondroitin sulfate. In proteoglycans, GAG polysaccharides are usually composed of many tandem repeats of a disaccharide pair: one sugar is usually an uronic acid and the other is either N-acetyl-glucosamine or N-acetylgalactosamine. One or both of the sugars contain one or two sulfate residues. Thus each GAG chain bears many negative charges, which makes it possible for proteoglycans to bind various positively charged molecules such as certain growth factors, cytokines, and chemokines [12] . Proteoglycans are usually named according to the structure of their principal repeating disaccharide of the attached GAG chains, which usually are added to the core proteins at serine residues through a sugar linker. However, the conformation of the core protein may be critically important in determining where the GAG chains link. The mechanism in controlling the length of GAGs remains unknown. GAG chains allow proteoglycans in the ECM or on the cell surface to generate immobilized gradients of certain growth factors and present them to their receptors; GAG chains also protect proteoglycans from proteolytic degradation [13, 14] .
Members of the hyalectan family, so named for their ability to bind hyaluronan, are versican (also named PG-M), aggrecan, neurocan, and brevican [15] . The characteristic features of hyalectans, also termed lecticans, are their similar globular structures at both N-and C-termini [4, 16] , and their lectin-like activity [17] . This sub-group of proteoglycans contains multiple domains and mediates a variety of cell activities [10, [18] [19] [20] [21] [22] .
STRUCTURE AND ISOFORMS OF VERSICAN
Unlike aggrecan, which is almost exclusively expressed in cartilage and brain, and neurocan and brevican, which are proteoglycans of the central nervous system, versican is expressed in the ECM of a variety of tissues and organs, implying both importance and diversity in biological activities. The versican gene (CSPG2) has been localized to chromosome 13 in the murine genome and to chromosome 5 in the human genome [23] . Versican is encoded by 15 exons encompassing over 90 kilobase pairs of continuous DNA. Exon organization corresponds to the protein subdomains encoded by homologous proteins, with a remarkable conservation of exon size and intron phase. The versican promoter harbors a typical TATA box located approximately 16 base pairs upstream of the transcription start site, and binding sites for a number of transcription factors involved in regulation of gene expression. Stepwise 5' deletions have identified a strong enhancer element between -209 and -445 base pairs and a strong negative element between -445 and -632 base pairs [24] .
Versican, along with the other hyalectans, consists of an N-terminal G1 domain, a C-terminal G3 domain, and CS chain binding regions between G1 and G3 (Fig. 1) . The G1 domain is composed of an immunoglobular (Ig)-like motif, followed by two proteoglycan tandem repeats that are known as HA-binding repeats (HABR). The G3 domain of versican consists of two epidermal growth factor (EGF)-like repeats, a carbohydrate recognition domain (CRD, also called the lectin-like motif), and a complement binding protein (CBP)-like motif. In this respect, G3 is similar to the selectin family [25] except that the lectican G3 domains contain only one complement binding protein-like subdomain, while selectins contain at least two. Alternative splicing of mRNA encoding GAG chain binding regions generates at least four isoforms of versican named V0, V1, V2 and V3 with molecular weight of the core proteins of about 370 kDa, 263 kDa, 180 kDa, and 74 kDa, respectively [2, [26] [27] [28] . Each contains different lengths of the GAG binding region with an accompanying variation in number of attached GAG chains (Fig. 1) . V0, the largest versican isoform, contains two GAG binding regions called CSα and CSβ domains [26] . V1 isoform contains CSβ domain, and V2 isoform contains CSα domain. Versican V3 is solely composed of the G1 and G3 domains, lacking all potential GAG attachment sites [27] . In versican, the number of GAG side chains per length of the GAG-binding regions is rather constant. Estimated numbers of GAG chains are 17-23, 12-15, and 5-8 in versican isoforms V0, V1, and V2, respectively [26] . Furthermore, it seems rather unlikely that the smallest hyalectan, versican V3, carries GAG. Most of the above numbers are estimates based on putative carbohydrate attachment sites in the primary structures of the core proteins. However, the number, size, and composition of the carbohydrate substitution is not only influenced by the length of the GAG chain binding regions, but it may also be affected by G1 and G3 domains and the cell and tissue types. For instance, G1 inhibits but G3 promotes GAG chain attachment in aggrecan and versican [20, [29] [30] [31] .
Versican's GAG profile varies amongst both tissues and specific molecules. GAG sulfation patterns change both markedly and precisely during chick brain development [32] , indicating the significance of specific carbohydrate information. Versican GAG chains are long, repeating disaccharides of uronic acid, in the form of either glucouronic acid or idouronic acid, and N-acetyl galactosamine. Three possible sulfation sites exist, leading to at least five specific chondroitin sulfate subtypes. Of these, C-4S and C-6S are important mediators of molecular interaction. GAG chains are composed of approximately 40 repeating units. These chains repel each other, and within themselves, thus assuming long, extended shapes.
Versican's structure is complex, and its observed effects in vitro and in vivo are as well. It has been shown to be involved in diverse cell functions, such as adhesion, migration, proliferation, and apoptosis. Reports are, in fact, sometimes contradictory. The seemingly confused observations may be reconciled by an appreciation of the structure and expression diversity of versican. On the other hand, versican does not act by itself. Its many binding partners play important roles in determining the behaviours that involve versican. It falls, then, to dissecting molecular interactors of versican, which also vary spatially and temporally, in order to understand this fascinating proteoglycan's function.
It is clear from even a brief examination of versican's structure that this molecule has been aptly named. Different isoforms allow for GAG chain mutability both among cell types and within a discrete microenvironment. The many structural components that make up versican's core protein structure also lend a vast selection of ligands to its repertoire. As we shall see throughout the remainder of this review, versican's binding partners play many key roles in cellular function and set an essential place for versican in the minds of those wishing to understand the ECM.
INTERACTION OF VERSICAN WITH OTHER MATRIX MOLECULES Versican interaction with hyaluronan
Hyaluronan is a large polysaccharide, composed of multiple repeats of the β1,3 N-acetylglucosaminyl-β1,4 glucuronide disaccharide unit, principally produced by stromal cells and deposited in the pericellular matrices and the ECM of most tissues. In the ECM, hyaluronan is bound to several proteins, helping to create a lattice that may regulate cell adhesion and migration [33, 34] . Hyaluronan production is increased at sites of cell proliferation, limb bud formation, inflammation, tissue remodelling, and tumor cell invasion. This molecule is thought to modulate cell behaviour by binding to specific cell surface receptors, most notably CD44 [35] . Consistent with this notion, CD44-hyaluronan interaction has been observed to enhance growth of certain tumors in vivo [35] [36] [37] .
Hyaluronan interaction with CD44 on the cell surface has been intensively studied [38] . Hyaluronan-CD44 signaling can activate several pathways through activation of specific intermediates [39] . These include, but are not limited to, the Rho and Rac1 GTPases, whose activities lead to subsequent reorganization of the actin cytoskeleton [40] [41] [42] ; erbB2 tyrosine kinase [43] , which leads to cell proliferation; src-related tyrosine kinases [44] , and nuclear factor-κB [NF-κB] [45, 46] . Hyaluronan and CD44 interaction have also been known to affect cell adhesion and migration. Incorporation of hyaluronan into Matrigel results in increased glioma cell invasion in vitro, and this effect is blocked by neutralizing antibodies to CD44 [47] . Versican has been found to be colocalized with hyaluronan, CD44, and tenascin in the pericellular matrix of cultured fibroblasts [48] , and in epidermal keratinocyte tumours, levels of hyaluronan, CD44 and versican correlated with the aggressiveness of the disease [49] . Versican's binding to hyaluronan is well known, occurring through its tandem repeats (Fig. 2) .
The association of lecticans with hyaluronan is, at least in part, mediated by link protein, and indeed it has recently been shown that both link protein and hyaluronan bind to versican's G1 domain [50] . Using different versican constructs, the authors showed that both HABR domains were required and sufficient for in vitro binding, but that binding affinity was increased when the Ig-like domain was included. Link protein contains two HABR domains which appear to interact with the homologous structures of versican, and this interaction did not affect versican's binding to HA. Overexpression of versican G1 domain can enhance cell proliferation and reduce cell adhesion in dif-ferent cell types [18, 51] . Taken together, studies have suggested that versican might enhance tumor behavior through interaction with hyaluronan and subsequent activation of CD44. Interestingly, studies have demonstrated that versican may interact directly with CD44 through its GAG chains, independent of hyaluronan [52] . It is important to know if this interaction also induces CD44 activation and transduces signals.
Versican interaction with tenascin
Tenascin-R binds to versican at its C-terminal lectinlike domain [CRD] through protein-protein interactions [17] (Fig. 2) . In addition to versican, tenascin binds to many other members of the lectican family, such as brevican [17] , neurocan [53] , phosphocan [53] , and syndecan [54] through their CRD domains. The tenascin family of large ECM glycoproteins comprises five distinct genes coding for (in a chronological order) TN-C, TN-R, TN-X, TN-Y and TN-W [55] [56] [57] . Of these, only TN-R and TN-C are expressed in the central nervous system. The structural homology shared by TN-R and TN-C has raised the logical question about similarities in function. Indeed, TN-R and TN-C both have been found to interfere with β1 integrin-dependent cell adhesion and neurite outgrowth on fibronectin.
The defined spatiotemporal expression of chondroitin sulfate proteoglycans in the ECM or at the cell membrane of glial and neuronal cells is believed to play a role in biological phenomena as diverse as neural cell adhesion and migration; axon pathfinding, synaptogenesis and plasticity; growth factor and cytokine action; neuronal survival; and structural organization of the ECM [58] . Similar in distribution to chondroitin sulfate proteoglycans in the brain, TN-R is also implicated in such phenomena and therefore likely to interfere with chondroitin sulfate proteoglycan action or vice versa. TN-R has been suggested to participate in the macromolecular organization of perineuronal nets, along with hyaluronan and lecticans, based on its divalent cation-dependent homophilic binding properties [59] .
This large hyaluronan matrix may create a local physical barrier, preventing other cells from entering the microenvironment [60] . TN-R binds to the C-terminal lectin domain of versican, its CRD, but surprisingly, this association is not mediated by carbohydrate moieties of TN-R [17] . Instead, protein-protein interactions, involving at least two fibronectin III domains of TN-R, are responsible. TN-R gene knockout mice show abnormal perineuronal net formation [57] , although the anatomy of all major brain areas and the formation and structure of myelin appear normal [57, 61] . These results suggest that in the brain ECM, there may be many molecules, some of which may also interact with versican which are functionally complementary.
Versican interaction with fibulins and fibrillin
Fibulin-1 and fibulin-2 are modular ECM proteins, expressed in extracellular fibrils, basement membranes, and elastic fibres [62] . Versican binds to fibulin-2 [63] and fibrillin-1 [64] through its C-terminal lectin-like domain in a calcium-dependent manner. As with the unexpected observations with TN-R, versican appears to bind to fibulin-1, even following the latter's deglycosylation, again indicating protein-protein interaction [65] . The binding of fibulin-1 and fibulin-2 to versican has been mapped to their calcium-binding EGF-like domains (cbEGF). In addition to versican, aggrecan and brevican also interact with fibulin-2 by their lectin-like domain (Fig. 2) , whereas neurocan does not [63] . Electron microscopy studies have confirmed the mapping and demonstrated that HA-aggrecan complexes can be cross-linked by the fibulins. The binding site for versican in microfibrils is most likely within a region of fibrillin-1, one of the major building blocks of microfibrils, between its cbEGF domains 11 and 21 [64] . Mutations in this region of the human gene, which potentially disrupt versican or other protein binding, can result in severe forms of Marfan syndrome ("neonatal" Marfan syndrome), with significant cardiovascular disease. The connection between versican and fibrillin microfibrils may thus be functionally significant, particularly in cardiovascular tissues. Fibulin may serve as a bridge between versican and fibrillin, forming highly ordered multimolecular structures important in the assembly of elastic fibers. This organization may be particularly meaningful in blood vessels and skin, where these molecules are co-localized [66] .
Versican interaction with fibronectin
Studies have shown versican to interact with fibronectin, as well as collagen type I [67] and that these interactions are responsible for reduced cell adhesion in melanoma cells [68] . Fibronectin and collagen are integrin ligands and play roles in enhancing cell adhesion. Versican prevents cell binding to fibronectin, but not collagen type I, in several CNS cell types [69] . Conditioned medium (CM) from prostate cancer fibroblasts, containing versican V0 and V1, can result in reduced adhesion of prostate cancer cell lines to fibronectin, but not to laminin [70] . Adding RGD peptide, a classical integrin-binding sequence, to the V0/V1-containing CM yielded increased cell attachment to fibronectin. This may mean that versican can sequester fibronectin through fibronectin's RGD domain, preventing it from binding to cells. Treatment of the CM with ChABC, a chondroitinase, decreased versican's capacity to reduce adhesion suggesting that GAG side chains are involved.
Recently, we have demonstrated that versican G3 domain enhances tumor growth and angiogenesis, perhaps through enhancement of fibronectin expression [71] . We then investigated the possibility that the G3 domain interacts with fibronectin. Our results showed unambiguously that G3 interacts with fibronectin (Fig. 2) . We have shown that the G3 domain directly binds to fibronectin using coimmunoprecipitation of expressed G3 with endogenous fibronectin, a pull-down experiment using His-tag affinity column, and co-immunoprecipitation of endogenous G3-containing fragments with fibronectin. Native gel electrophoresis also demonstrated that versican and fibronectin co-migrated in samples extracted from human tumor tissues. Immunohistochemical analysis exhibited high expression of these three molecules in human brain tumors. Furthermore, versican G3 domain can form complexes with fibronectin and VEGF. The complex was found to stimulate endothelial cell adhesion, proliferation and migration. Removal of this complex with anti-fibronectin antibody reversed G3's enhancing effects on endothelial cell activities. Our results are in agreement with a recent publication showing that fibronectin binds to VEGF and increases the function of VEGF in endothelial cell migration in culture [72] .
INTERACTION OF VERSICAN WITH CELL SURFACE PROTEINS Versican interaction with selectins and chemokines
Cell surface proteins, L-, E, and P-selectin, contain an N terminal C-type lectin repeat, an EGF-like repeat, and a series of short consensus repeats, a single transmembrane sequence, and a cytoplasmic tail. As versican's CRD-and EGF-containing G3 domain is quite similar to extracellular selectin, it is only fitting that the two molecules interact. The binding of versican with P-selectin and L-selectin is strongly inhibited by the chondroitinase digestion of versican or by the addition of specific soluble chondroitin sulphites (CS) B, CS E, or heparan sulfate. Thus, versican appears to interact with selectins via its GAGs (Fig. 2) , and may only do so when they are oversulfated [73] . Specific tetrasaccharides involved in the interaction were identified. In addition, versican is also found to bind certain chemokines and regulate chemokine function [74] . In particular, the chemokine SLC (secondary lymphoid tissue chemokine) was shown to bind to CS-B with strong specificity [74] . SLC assists in the binding of integrin α4β7, on leukocytes, with its ligand, MAdCAM-1, found on the endothelium [75] . Versican, through its GAG chains, may thus prevent leukocyte adhesion to vessel walls through SLC sequestration. Importantly, SLC binding to its receptor was not affected following GAG addition, suggesting that versican's negative modulation occurs downstream in the signal transduction pathway.
Although no consensus sequence has been identified in versican-binding chemokines, it appears that versican generally interacts with those that attract mononuclear lymphocytes. A specific layer of binding specificity is the particular CS chain that is expressed by versican, either through isoform expression or carbohydrate modification [74] . As the same GAG chains also bind L-selectin, and as some versican populations do not bind to this leukocyte cell surface adhesion molecule [76] , versican expression patterns may be important in certain in vivo situations such as in inflammatory responses, where L-selectin and chemokines are concomitantly involved. Versican has been found to be upregulated in many inflammatory conditions, such as arthritis, asthma, and granulomatous lung diseases [77, 78] . Therefore, versican might be involved in inflammation by regulating interaction with selectins and chemokine activities.
Versican interaction with CD44
CD44 is a type I transmembrane chondroitin sulfate proteoglycan. It is composed of a large extracellular domain containing a hyaluronan-binding region and 4 consensus sites for attachment of chondroitin sulfate, a 21-amino acid transmembrane domain, and a 72-amino acid cytoplasmic tail [79] . CD44 can be altered by differential splicing of at least 10 variable exons encoding a segment of the extracellular domain, termed exons v1-v10, and by cell type-specific glycosylation [79] . CD44 has been shown to mediate cell-cell and cell-ECM interactions [80, 81] , augment tumor cell motility on hyaluronan-coated substrates [81, 82] , costimulate lymphocyte activation and tissue infiltration [83] , and promote growth and metastasis of some tumor types [84, 85] . Although GAG chains associated with some CD44 isoforms can also bind a subset of heparin-binding growth factors, cytokines, and ECM proteins such as fibronectin, most of the functions ascribed to CD44 can be attributed to its ability to bind to and internalize hyaluronan [38, 86] .
The GAG chains of versican also bind to CD44 (Fig.  2) , and competitive inhibition assays showed that versican, hyaluronan, and GAG chains all bind to the link module of CD44, with hyaluronan showing a substantially higher binding affinity. Although, as mentioned, versican GAG Fig. 3 Interactions of G3 with the cell surface. G3-and vector-transfected MT-1 cells were seeded on tissue culture plates to subconfluence. The cultures were fixed with 4% paraformaldehyde and probed with monoclonal antibody 4B6 that recognizes an epitope engineered to the G3 construct. The immunostained cells were examined with a light microscope. G3 product was detected in the ECM and on the cell surface surrounding the cells. (scale bar=50 μm) oversulfation is critical for binding to L-and P-selectins, GAG modifications do not appear to be important in CD44 binding. Interestingly, the binding of either L-or P-selectin to versican was inhibited with the addition of the solubilized other, but CD44 binding was not affected in the presence of selectins. This suggests that different GAG sites are responsible for these interactions [73] .
As mentioned above, versican has been found to be colocalized with hyaluronan, CD44 and tenascin in the pericellular matrix of cultured fibroblasts [48] . As CD44 binds to both hyaluronan and versican, it is possible that the three may form complexes together. However, as versican and CD44 bind following hyaluronidase treatment, the complex association does not depend on the presence of hyaluronan [73] .
The fact that GAG chains alone can bind the proteins mentioned here, without any assistance from versican core proteins, suggests that other proteoglycans that contain the proper side chains may also be involved in complexes. Many of the above-mentioned studies do, in fact, examine cohorts of chondroitin sulfate proteoglycans, with often similar, yet not identical, results seen among them.
Versican interaction with integrin
Integrins are important cell surface receptors, functioning as noncovalently linked heterodimers with α and β subunits. Each αβ combination has its own binding specificity and signaling properties. Although integrins were originally characterized as a family of cell surface receptors that are responsible for anchoring cells to the ECM, they have recently been shown to impact dynamic processes in normal and tumor cells, such as intracellular signaling and gene expression leading to cell migration, proliferation, differentiation, and survival [87, 88] . Integrins can signal through the cell membrane in either direction: the extracellular binding activity of integrins is regulated from the inside of the cell, while the binding of the ECM elicits signals that are transmitted into the cell [88] . Integrins activate growth-promoting signaling pathways that are responsible for the anchorage requirement. Most integrins recognize several ECM proteins. For example, integrin β1 pairs with various α subunits to bind a variety of ECM molecules, such as fibronectin, laminins, collagens, and vitronectin, osteopontin [89] , nephronectin [90] and tenascin [91] .
While versican also interacts with at least three of these proteins, we have found that it can also bind to integrin β1 through its C-terminal G3 domain [92] (Fig. 2) . As a result, the versican G3 product was detected not only in the ECM, but also on the cell surface surrounding the cells (Fig. 3) . Interestingly, and surprisingly, versican does not contain an RGD motif, suggesting an entirely new mechanism of integrin binding. Astrocytoma cells expressing a construct containing versican CRD and CBP domains exhibited enhanced spreading and adhesion, with increased phosphorylation of focal adhesion kinase (FAK) and reduced H 2 O 2 -induced apoptosis. Exogenous addition of purified versican G3 product (containing two EGF-like motifs, CRD domain and CBP domain) was also able to induce FAK phosphorylation and increased cell adhesion.
Versican interaction with epidermal growth factor receptor (EGFR)
EGFR, another important cell surface receptor, mediates many cellular responses in both normal biological processes and pathological states. Like all receptor tyrosine kinases (RTKs), the EGFR family members comprise an extracellular domain containing a ligand-binding site, a single hydrophobic transmembrane helix, and a cytosolic domain that includes a conserved protein tyrosine kinase (PTK) core, flanked by regulatory sequences. The ligands of EGFR, such as EGF, bind to their receptors and induce conformational changes in the receptor monomers that promote their activation.
Integrins are able to form clusters with EGF receptors, and this physical interaction frequently affects the intensity of EGFR-induced down-stream signal to extracellular signal-regulated kinase (ERK) [93] . Growing evidence indicates that collaborative pathways derived from these two signals are crucial in regulating a range of cell activities, such as proliferation, differentiation, apoptosis, adhesion, and migration [93] [94] [95] [96] .
Astrocytoma cells expressing the C-terminal domain of versican exhibit reduced EGFR activity, represented by lower levels of EGF-induced EGFR autophosphorylation and accelerated reduction of the protein expression level after phosphorylation [97] . With enhanced integrin β1-mediated adhesion signals, the cells exhibited increased integrin β1-EGFR interaction, accompanied by increased FAK phosphorylation [92] . This increased cell adhesion and decreased EGF-induced EGFR phosphorylation was followed by reduced cell migration (Fig. 4) .
The effects of versican on integrin and EGFR activation were also demonstrated in versican V1-transfected PC12 cells, a phaeochromocytoma cell line. Expression of versican V1 in PC12 cells resulted in upregulation of EGFR and integrin expression and induced NGF-independent PC12 cell neuronal differentiation and neurite outgrowth. Blockade of integrin β1, EGFR, or Src, a downstream signal transduction kinase, significantly blocked this differentiation. This suggested that the differentiation requires signals mediated by versican derived from both integrin and EGFR [98] . Versican appears to not only present or recruit molecules to the cell surface, but also to modulate the expression levels of genes and coordinate complex signal pathways.
Versican interaction with P-selectin glycoprotein ligand-1 P-selectin glycoprotein ligand-1 (PSGL-1) is a homodimeric glycoprotein held together by disulfide-bonds expressed on the cell surface of leukocytes and mediates leukocyte rolling on the vascular endothelium [99, 100] . Leukocyte rolling from the blood stream into tissues in response to inflammatory stimuli is a critical component of immunoresponse, which involves the activities of a range of adhesion and signaling molecules. The first events in this process are leukocyte adhesion and leukocyte rolling on the endothelial surface under vascular shear flow, mediated by selectins. PSGL-1 is expressed by essentially all blood leukocytes including lymphocytes, monocytes, neutrophils, and platelets, and has been shown to mediate the rolling of human neutrophils on selectins [101] . The N-terminal fragment of PSGL-1 is extensively glycosylated, which is critical for binding to the selectins [102] . PSGL-1 binds to selectins and mediates leukocyte rolling on the vascular endothelium. We have demonstrated that PSGL-1 binds to the C-terminal (G3 domain) of versican [103] .
Cells transfected with PSGL-1 or a shorter form of PSGL-1 containing the G3-binding site, or cells expressing endogenous PSGL-1, aggregate in the presence of versican or G3 product. The aggregation appears to be induced by G3 multimers that bind to PSGL-1 and form a network. Endogenous versican and/or G3-containing fragments also bind to PSGL-1 in human plasma. Removal of the endogenous G3-containing fragments reduces the effect of plasma on leukocyte aggregation. Our studies thus reveal a physiologically relevant role for PSGL-1/versican binding and may have implications in the immunoresponse [103] .
VERSICAN AND LDL
Versican, along with other vascular proteoglycans, has been shown to bind to and retain low density lipoproteins (LDL) in vascular walls (Fig. 2) , perhaps contributing to atherosclerotic formations [104] . Strong co-localization of LDL and versican has been observed. Lipoprotein lipase (LPL) has domains that bind to both LDL and proteoglycans, while oxidized LDL does not appear to efficiently interact with proteoglycans, including versican. LPL may act as an efficient bridge between these molecules [105] . It appears that the negatively charged GAG chains of versican interact with positively charged clusters of amino acids on apolipoproteins [104] . Increased LDL binding affinity is seen with longer GAG side chains, greater levels of sulfation, and increased ratios of C6S to C4S (or CS C to CS A) [106] . The number and composition of GAG chains in versican isoforms should have a significant effect on these molecular interactions. The interaction of versican with hyaluronan, which generates a very high local density of GAG chains, would also magnify this effect.
CONCLUDING REMARKS
The literature on versican's function can appear confusing and even contradictory. Versican has been reported to increase or decrease proliferation, migration or adhesion depending on the study approach. These issues begin to be understood with an appreciation for the isoforms of versican, its modular structure, and the varying binding partners that are thus involved. This, coupled with cell and tissue type-specific active signalling pathways, means that versican is almost dazzlingly flexible in its range of biological roles. The task of integrating versican ⎯ both spatially and temporally ⎯ into its web of interactors is daunting and demanding. It will no doubt also be very rewarding for both researchers and those whom this knowledge will benefit.
